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A B S T R A C T
The anomalous origin of pulmonary branches is a rare entity where, either the right or the left pulmonary
arteries arise from the ascending aorta and where the aortic and pulmonary valves are separated. Clinical
manifestations usually appear in the infant or, more rarely, in the newborn and include respiratory
distress or congestive heart failure due to increased pulmonary resistance.
The survival rate in an Indian series was 94% with the death of one patient from Fallot tetralogy. We have
treated ﬁve patients with this congenital heart disease in 20 years; the survival rate was of 80% and in all
survival cases, the systolic pressure was signiﬁcantly decreased. The current treatment of choice,
consisting of the anatomical correction with translocation of the right pulmonary artery to the
pulmonary trunk, was ﬁrst performed by Kirkpatrick in 1961.
The aim of this paper is to show the Mexican experience in the diagnosis and treatment of the anomalous
origin of pulmonary branches from the ascending aorta.
Conclusion: Early surgery with timely correction of this congenital heart disease improves the prognosis
and survival rate of patients, with a reduction in pulmonary hypertension.
<Learning objective: This article reports a series of cases of anomalous origin of the pulmonary
branches from the ascending aorta. This is a rare congenital anomaly of difﬁcult clinical diagnosis that is
often accompanied by other associated anomalies. The diagnosis is based on image studies such as
computed tomography and echocardiography and the hemodynamic evaluation is essential to
determine a surgical procedure. The surgical treatment consists of the anatomists of the pulmonary
branch to the pulmonary trunk.>
 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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The anomalous origin of the pulmonary branches is a rare entity
where, either the right or the left pulmonary arteries arise from the
ascending aorta and where the aortic and pulmonary valves are* Corresponding author at: Clinic of Aorta, Immunology Department, National
Institute of Cardiology ‘‘Ignacio Chavez,’’ Juan Badiano No. 1, Colonia Section XVI,
14080 Me´xico, D.F., Mexico. Tel.: +52 55 5573 2911x1347; fax: +52 55 55730994.
E-mail addresses: mesoto50@hotmail.com, mesoto50@gmail.com (M.E.S. Lo´pez).
http://dx.doi.org/10.1016/j.jccase.2014.08.003
1878-5409/ 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rightsseparated [1]. In 1868, Fraentzel [2] reported the ﬁrst case of this
pathology and thereafter several case series have been described. A
timely diagnosis leads to better prognosis for these patients [1,3].
The anomalous origin of the pulmonary artery from the
ascending aorta (AOPA) is commonly referred to as ‘‘hemitruncus’’
and accounts for 0.1% of all congenital heart diseases. Kutsche and
Van Mierop [4] proposed that abnormal migration of pluripotent
cells is important in its development.
The anomalous origin of the right pulmonary artery from the
ascending aorta (AORPA) is 5–6 times more frequent than that of reserved.
Table 1 Series of cases of anomalous origin of the pulmonary artery in Mexico.
Age Diagnosis Complicated
anomalies
Hemodynamics Physical signs Surgery technique Outcome of surgery
6 years Origin of the
right pulmonary
branch from the
ascending aorta.
Subvalvular
stenosis of the
aorta due to a
ﬁbrous ring.
Initial systolic
pulmonary
pressure of
60 mmHg.
Systolic murmur at the left
parasternal border, an
intense S2 was found.
Pulse oximetry of 90%.
Ross functional class II.
Reconstruction of the
pulmonary artery with a
bovine pericardial patch,
ascending aorta transection
with terminal-terminal
anastomosis and resection
of the ﬁbrous ring.
A favorable evolution, with
pulmonary systolic
pressure measurement of
35 mmHg.
4 months Anomalous
origin of the
right pulmonary
branch from the
ascending aorta.
Patent ductus
arteriosus and
interatrial
communication.
Initial systolic
pulmonary
pressure of
74 mmHg.
Diaphoresis and polypnea.
A continuous murmur at
the left infraclavicular
region. Oxygen saturation
of 85%.
Finally, the patient showed
hemodynamic
deterioration and was
proposed for an emergency
cardiac surgery.
Reconstruction of the
pulmonary artery with a
bovine pericardial patch,
ascending aorta transection
with terminal-terminal
anastomosis, section and
suture of the patent ductus
arteriosus.
During the postoperative
period, the pulmonary
systolic pressure was
80 mmHg. In spite of the
treatment, the patient’s
response was not
satisfactory and ﬁnally he
died.
10 years Anomalous
origin of the
right pulmonary
branch from the
ascending aorta.
Patent ductus
arteriosus.
Initial systolic
pulmonary
pressure in the
left pulmonary
artery was
80 mmHg and in
the right one
was 60 mmHg.
History of cyanosis since
birth. At physical
examination an expulsive
pulmonary murmur, ﬁxed
split S2 with an intense
pulmonary component,
hepatomegaly.
Reconstruction of the
pulmonary artery with a
bovine pericardial patch,
ascending aorta transection
with terminal-terminal
anastomosis, section and
suture of the patent ductus
arteriosus.
The postoperative evolution
was satisfactory, with
pulmonary systolic
pressure measured of
40 mmHg.
1 year Anomalous
origin of the left
pulmonary
branch from the
ascending aorta.
Critical stenosis
(gradient of
68 mmHg) of
the origin of the
left pulmonary
artery.
Initial systolic
pulmonary
pressure in the
right pulmonary
artery was
50 mmHg.
An intense pulmonary
component of the S2.
Reconstruction of the left
pulmonary artery with a
bovine pericardial patch,
ascending aorta transection
with terminal-lateral
anastomosis.
Technique without
extracorporeal circulation.
The postoperative evolution
was satisfactory, without
complications. The
pulmonary systolic
pressure was of 30 mmHg.
7 years Anomalous
origin of the left
pulmonary
branch from the
ascending aorta.
Initial systolic
pulmonary
pressure was
90 mmHg.
Unspeciﬁc chest pain and
effort dyspnea.
Systolic murmur in the
middle region of the chest
with an intense pulmonary
component of S2.
Reconstruction of the left
pulmonary artery with a
bovine pericardial patch,
ascending aorta transection
with terminal-terminal
anastomosis.
Technique without
extracorporeal circulation.
The postoperative evolution
was satisfactory, without
complications. The
pulmonary systolic
pressure was 35 mmHg.
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originates from the wall of the ascending aorta, 5–30 mm above
the ventricle arterial junction [6].
The lung connected to the normally arising PA receives the
entire cardiac output from the right ventricle, while the other lung
is exposed to both pressure and volume overload due to
unrestricted shunting from the aorta [3]. The vasoconstrictive
reaction due to the abnormal state of the vascular bed on the
abnormally connected lung is responsible for the development of
pulmonary hypertension.
The ﬁrst successful surgical correction was performed by Armer
et al. [7] in 1961 using a Dacron graft placed between the right
pulmonary artery and the pulmonary trunk. Kirkpatrick et al. [8]
performed the ﬁrst anatomical correction with translocation of the
right pulmonary artery to the pulmonary trunk which is currently
considered the treatment of choice.
In a 20-year period (1992–2012) we have treated ﬁve patients
with this diagnosis. The median age of the patients was 6 years
with a minimum of 4 months and a maximum of 10 years (Table 1).
Case 1
We treated an asymptomatic 6-year-old male patient, referred
with a diagnosis of heart murmur. During the physical examination,
a systolic murmur at the left parasternal border and an intense S2
were found. Oxygen saturation of 90% in the right arm, 87% in the
right leg, 92% in the left arm, and 88% in the left leg were reported.The electrocardiogram (ECG) showed sinus rhythm, QRS left-axis
deviation, hybrid pattern from V1 to V5. Chest X-ray showed
moderate cardiomegaly, right pulmonary branch and pulmonary
cone dilation, and increased pulmonary ﬂow. The echocardiogram
showed AORPA and a subvalvular stenosis of the aorta due to a
ﬁbrous ring. By catheterization, a systolic pulmonary pressure of
60 mmHg was reported (Fig. 1a–c). Cardiothoracic surgery was
performed in which the reconstruction of the pulmonary artery with
a bovine pericardial patch, an ascending aorta transection with
terminal–terminal anastomosis and resection of the ﬁbrous ring
were performed (Fig. 1d). There was a satisfactory postoperative
evolution. During the follow-up of the patient, the pulmonary
systolic pressure measured by echocardiography was lowered to
35 mmHg. The patient remains asymptomatic.
Case 2
A 4-month-old male patient with diaphoresis and polypnea was
treated. During the physical examination the oxygen saturation
was 85%, and a continuous murmur at the left infraclavicular
region was heard. The ECG showed a sinus rhythm, QRS right-axis
extreme deviation (2108), an electric situs solitus, a prominent R in
V1, and an important enlargement of the right chambers. The chest
X-ray showed cardiomegaly and increased pulmonary ﬂow. The
diagnosis of AORPA, an interauricular communication and patent
ductus arteriosus was made by scan tomography. The echocardio-
gram showed a systolic pulmonary pressure of 74 mmHg. The
Fig. 1.
Demonstration of the anomalous origin of the right pulmonary artery from the ascending aorta. (a) Image shows dilatation of the right branch of the pulmonary
artery and a prominent pulmonary button. (b) Echocardiography from a suprasternal axis showing the right branch of the pulmonary artery (arrow) emerging
abnormally from the ascending aorta. (c) Aortic root angiography which shows the origin of the right branch of the pulmonary artery from the ascending aorta
(arrowhead), a systolic pressure of 60 mmHg pulmonary artery was reported. (d) Trans-surgical pulmonary artery cut away from the ascending aorta.
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cardiac surgery was suggested. During the cardiac surgery, the
anomalous origin of the right pulmonary branch was corrected and
the patent ductus arteriosus was repaired. During the postoperative
period, the patient had a severe pulmonary hypertension crisis
requiring nitric oxide and pulmonary vasodilators. In spite of the
treatment, there was not a good response from the patient who
ﬁnally fell in cardiac arrest during the hypertensive crisis, having
no clinical response.
Case 3
A10-year-old female patient, with a history of cyanosis since
birth and cardiac murmur was treated. During the physical
examination an expulsive pulmonary murmur was heard, ﬁxed
split S2 with an intense pulmonary component and hepatomegaly
were found. The ECG showed QRS right-axis deviation, enlarge-
ment of the right chambers and an incomplete right bundle branch
blockade with diffuse depolarization abnormalities. AORPA and a
patent ductus arteriosus were diagnosed by echocardiogram. The
pulmonary systolic pressure determined by catheterization in both
pulmonary branches was of 60 mmHg. The patient was operated
on with total correction of the anatomical abnormalities. The
postoperative evolution was satisfactory. The postoperativecatheterization 3 months after the surgery showed a diminished
pulmonary systolic pressure of 40 mmHg.
Case 4
A 1-year-old male patient was diagnosed and treated. He had a
cardiovascular history of cardiac murmur diagnosed at the age of 2
months and diaphoresis during feeding. The ﬁnal diagnosis was of
an anomalous origin of the left pulmonary artery. During the initial
physical examination, an intense pulmonary component was
heard. The chest X-ray showed global cardiomegaly, with
enlargement of the pulmonary cone and increased pulmonary
ﬂow. In the echocardiogram, the origin of the left pulmonary artery
was found at the ascending aorta with a critical stenosis (gradient
of 68 mmHg) (Fig. 2a). The tomography scan corroborated the
diagnosis and also reported a dilation of the descending aorta,
pulmonary trunk, and pulmonary branches (Fig. 2b). The
catheterization results conﬁrmed previous ﬁndings and an
obstruction located in the proximal region. The right pulmonary
branch systolic pressure was 50 mmHg (Fig. 2c). The patient was
operated on to correct the anomalous origin without the need of
extracorporeal circulation. The postoperative evolution was
satisfactory and without complications. Six months later the
Fig. 2.
Demonstration of the anomalous origin of the left pulmonary artery from the ascending aorta. (a) Echocardiography from a modiﬁed suprasternal short-axis view
showing the left branch of pulmonary artery (arrow) arising from the ascending aorta. (b) Tomographic image showing the dilation of the ascending aorta and
pulmonary trunk and branches. (c) Aortic root angiography where anomalous emergence of left branch pulmonary artery is observed (arrowhead) and stenosis in
its proximal third. (d) Angiotomography where emergence of the anomalous left branch of the pulmonary artery is observed.
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30 mmHg.
Case 5
A 7-year-old female patient was diagnosed and treated. She
initiated with unspeciﬁc chest pain and effort dyspnea at the age of
6 years. During the physical examination, a systolic murmur was
heard in the middle region of the chest with an intense pulmonary
component of S2. The ECG showed sinus rhythm, QRS right axis at
1208, incomplete bundle branch blockade and enlargement of right
chambers. The chest X-ray showed cardiomegaly, increased
pulmonary ﬂow, and enlargement of the pulmonary artery. The
echocardiogram showed the anomalous origin of the left pulmo-
nary artery with a systolic pressure of 90 mmHg. The tomography
scan corroborated the diagnosis (Fig. 2d). The patient was operated
on without extracorporeal circulation. The postoperative evolution
was satisfactory. An echocardiogram performed 2 months after the
surgery showed a systolic pulmonary pressure of 35 mmHg.
Details of the surgical technique
When the anomalous origin of the pulmonary artery was
accompanied by intracardiac lesions the surgical intervention
included cardiopulmonary bypass and aortic clamping. The aorta,
both cavas and left chambers were cannulated. We decreased the
body temperature to 28 8C and the whole procedure, including
pulmonary branch section of the ascending aorta and reimplanta-
tion was performed in asystole. The damage created in theascending aorta was repaired with bovine pericardium or by direct
closure. Pulmonary artery reimplantation was carried out with
end-to-side anastomosis to the pulmonary artery trunk with
absorbable suture. Intracardiac corrections were made relevant.
In the cases in which the only defect was the anomalous origin
of the pulmonary artery, surgical repair was carried out without
extracorporeal circulation. Median sternotomy approach was
employed and heparinization 300 U/kg was used. The pulmonary
artery was extensively dissected and the ascending aorta was
clamped laterally to transect the pulmonary artery. The ascending
aorta was repaired by direct closure and no absorbable suture was
clamped on the lateral-superior trunk of the pulmonary artery.
Reimplantation of the branch was performed with absorbable
continuous suture. Heparin is completely reversed to end the
procedure.
During both techniques a catheter was placed through the free
wall of the right ventricle to monitor pulmonary pressure.
Discussion
The anomalous origin of the pulmonary arteries is a rare entity;
the largest series of cases reported in the literature consists of
17 patients. These patients were studied in India [3] and their
characteristics were similar to those of the patients from our series
in terms of a predominance of anomalous origin of the right
pulmonary branch. The survival rate in the Indian series was 94%
with the death of one patient with Fallot tetralogy. In our series the
survival rate was 80% and in all cases who survived, the systolic
pressure was signiﬁcantly decreased after the treatment. The
Table 2 Series of cases reported in world literature.
Year Author Country Number of
patients
Conclusion
1987 Benatar A. South Africa 5 This anomaly should be considered as a cause of left to right with tricuspid regurgitation and
severe right ventricular hypertrophy. Early surgical repair after conﬁrming the diagnosis
prevents cardiac death or developing irreversible pulmonary vascular disease.
1994 Nonoyama M. Japan 8 The successful surgical repair can be accomplished by direct anastomosis of the pulmonary
artery located abnormally and pulmonary artery trunk still in infancy or in early childhood.
1998 Riyadh M. Toronto 16 While early diagnosis and repair of anomalous origin of one pulmonary artery from the
ascending aorta is necessary, restenosis of the site of repair is common.
2003 Prifti E. Italy 3 The anomalous origin of one pulmonary artery branch from the ascending aorta is a rare and
important anomaly, which needs a careful pre-and intraoperative assessment. Patients with
this condition may be taken into surgery with excellent results.
2004 Marco Aurelio Santos Brazil 4 The results of surgical correction have been positive, except in patients with associated
cardiac malformations.
2004 Edward W.K. Peng Scotland 9 In this anomaly early surgery is indicated, which has good long-term prognosis. This
procedure should not be deferred for corrective procedures associated cardiac anomalies.
2007 Nathan M. USA (Boston, MA) 16 Early repair of hemitruncus results in excellent hemodynamic and anatomic results. Survival
is excellent, with a low incidence of reoperation or reintervention.
2008 Noriyoshi Kajihara Japan 8 All patients underwent surgical correction, ﬁnding improvement of pulmonary hypertension
in all patients.
2010 Abdullah Erdem Turkey 7 Early diagnosis during childhood, improved surgical techniques, and proper patient care
reduces morbidity and mortality associated with anomalous origin of one pulmonary artery
branch from the aorta.
2010 Gabriel Amir Israel 12 Early surgical repair is safe even in newborns and premature infants with complete
resolution of pulmonary hypertension and normalization of pulmonary vascular resistance.
2012 Pankaj Garg India 17 This anomaly is rare but potentially treatable with an acceptable long-term prognosis if
operated early. The direct branch implantation is the preferred method for patients with
anomalous origin of the right or left pulmonary branch from the proximal ascending aorta.
The repair without cardiopulmonary bypass in isolated lesion is the treatment of choice.
2013 Mijangos Roberto Me´xico 5 Anomalous origin of the pulmonary branches should be operated early. In our study we have
demonstrated that early intervention and without complexity, improve prognosis and
survival. These ﬁndings are reproducible in other series.
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he was operated on, his hemodynamic condition was already
deteriorated.
The clinical manifestations of the condition usually occur in the
infant or, more rarely, in the newborn including respiratory
distress or congestive heart failure due to increased pulmonary
resistance [1]. In our series of cases, the most frequent manifesta-
tion was cardiac failure, which was present in two patients of less
than a year of age, but which was not present in the other patients.
Kutsche and Van Mierop [4] proposed that abnormal migration
of pluripotent cells is important in the development of the
anomalous origin of pulmonary arteries. On the left side, this
occurs due to failure of development of the left sixth arch leading to
the failure of fusion of left pulmonary artery to the main
pulmonary artery. On the right side, a proximal form of AOPA
occurs due to the incomplete migration of the right sixth aortic
arch to the left side [3].
AOPA may occur in isolation or may be associated with patent
arterial duct, tetralogy of Fallot, aorto-pulmonary window, atrial
septal defect, isthmic hypoplasia, and interrupted aortic arch. In
the Boston series, the second largest series of cases in the world,
they reported 14 patients with foramen ovale, 11 patients with
patent ductus arteriosus, and ventricular septal defect in four
patients. In our series, we found association of anomalous origin of
the right pulmonary artery with subvalvular aortic stenosis due to
a ﬁbrous ring, one patient having an atrial septal defect and patent
ductus arteriosus, and one patient with isolated AORPA. The only
two patients with anomalous origin of the left pulmonary artery
did not show any association to other conditions. In the experience
from Toronto reported in 1998, nine patients with associated
cardiac anomalies were found.
Some patients can show other lesions that increase the
pulmonary pressure and consequently the risk of hypertension
pulmonary crisis in the postoperative period and ﬁnally death, as
happened in one case in our study. The use of all thepharmacological strategies to control the pulmonary pressure is
required in these cases. In some underdeveloped countries,
similar to ours, in which there are difﬁculties to obtain these
drugs, the maintenance of an opened foramen ovale or a little
fenestration in the patch used to close the atrial septal defect
might help to diminish the impact of the crisis of pulmonary
hypertension.
We can afﬁrm that in patients with an AOPA, the prognosis is
better in patients that are operated on early in the course of the
disease, in patients without other congenital cardiac abnormali-
ties, and in patients whose pulmonary systolic pressure is
decreased to normal values. Most of our patients had severe
pulmonary hypertension with a median of 74 mmHg (rank 50–
90 mmHg). It is relevant to state that in follow-up of our patients,
there was a reduction of the pulmonary hypertension. Similar
ﬁndings in isolated cases reported can be found in the literature
[1–3]. A comparison of our ﬁndings to other studies is shown in
Table 2.
Conclusion
Since in this congenital anomaly the pulmonary circulation is
continually under systemic pressure, the surgery should be done at
the moment of the diagnosis to avoid lesions of the pulmonary
vasculature.
The good result of the surgery depends on early diagnosis and
on the surgical approach rather than on the rising of the left or right
pulmonary branches. Depending on the nature of the lesion, the
surgery should be done without pump and the anastomosis of the
pulmonary branch to pulmonary trunk should be done with
absorbable suture to avoid constriction in the future.
The AOPA should be operated on at an early stage. In our
series of cases, we have demonstrated that timely correction
without complexity signiﬁcantly improves the prognosis and
survival rate.
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